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ABSTRACT

Environmental 51 i'essors. such as high liv dci isit'.
can affect calf well-being. Sodium bisulfate (SBS) is an
acidifier that reduces the pH of flooring and bedding,
creating a medium that neither bacteria nor innnatui'e
flies (also known as larvae or maggots) can thrive in.
Two experiments were conducted to investigate the
application of SBS to a mixture of rice hull calf bed-
ding and calf slurry (BED) to reduce house fly (Musca
domes twa L.) larval densit y and the abundance of
bacteria. In experiment 1. dish pails containing 1 L
of BED and 3.000 house fly eggs were treated with
SBS at concentrations of 0. 8.9. 17.7. and 26.5 g of
SBS/0.05 111

2 of BED (CON. LOW. MED. and HIGH.
respectively), with each S13S concentration applied to
4 individual pans (16 paiis total). Reapplication of the
same SBS concentrations in each pan occurred 3 times/
wk throughout the 23-d trial. Larval house fl y survival
was significantly reduced in all pails with SBS relative
to CON pans with lowest survival rates iii the i I ED
and HIGH pails (99'I and 100% re(uction, l'espec-
tivelv). The mean pH for each treatment was inversely
related to the SBS concentration. In experiment 2, pans
containing 1 L of BED and 3.000 house fl y eggs were
treated with either 0 g of SBS (CON). 8.9 g of S[3S/0.05
in of BED with reapplication of the acidifier 3 tiines/
wk (SR3x). or 8.9 g of SBS/0.05 11, of BED applied
only once at 48 Ii before the end of the 8 cl-trial (S1318).
Larval house fly survival and bacterial concentrations
were reduced (90% larval reduction and 68% bacterial
reduction) in the SB3 x treatment relative to the CON.
Mean pH was also reduced in SB3 x pails relative to
CON or SF348 pans. Overall, acidification of calf BED
using the acidifier SBS resulted iii a reduction of bacte-
ria and house fly larval survival. This form of fl y control
might he expected to reduce adult fly production and,
therefore. fl y-related stress in calves.
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INTRODUCTION

Dair y f'ai'rning provides an environment that supports
the growth of house fly larvae (Musca doinestica L.: An-
(lei-soil. 1966: Hansens et al.. 1968: Me yer and Petersen.
1983). Manure, silage. grain. and amiiinal bedding are
sonic of the substrates that provide an ideal environ-
nient for fly developnient (Tlionisen and Hammer. 1936:
Hansens et al.. 1968; Meyer and Petersen. 1983). These
environnient.s are rich in organic matter and contain
bacterial populations suitable as feedstock for devel-
oping house flies (Chang and Wang. 1958: Greenberg.
1973: Perot Ii et al.. 2001). Adult house flies can me-
chanically transmit pathogens that cami affect human
and aiiinta,l health (Moi'iva et al., 1999: Ahmacl ci al..
2007: HalcI et al.. 2007). House flies also anno y workers
and animals and disperse to nearby in'ban neighbor-
hoods. creating nuisance conditions (Anderson. 1966;
Pickens et al.. 1967: Thomas, 1993). On dairies. calf
holding pens are often associated with fl'production
because of the availability of bedding mixed with illume.
feces, spilled milk. spilled grain, and water ( Sclnniilt -
nianmi. 1988. 1991: Schinidtrnann et al.. 1989).

The primary means of reducing fly production oil
animal operations is through sanitation nianagenient.
which includes the rapid drying of uianum'e through
comnpostmg or manure separation and harrowing. Ad-
(htionallv. the protection of silage and otherorganic
materials from rain or water runoff will prevent fly de-
vclopmnent in these subst rat c's (Anderson. 1966: Pickens
et al.. 1967: Gerry ('I al., 2007). When sanitation efforts
fail (e.g.. years with significant simuiier rainfall), at-
tractant traps and chemnica.l applications can be used
for immediate suppression of adult house flies (Gerry
et al.. 2(101). Because fl y larvae require bacteria as a
food source (Schnudt mann and Martin. 1992: Watson
et al.. 1993), an antimicrobial product such as sodium
bisulfat e (SBS) that can be applied to fly development
substrates to ehimninat e or reduce bacterial populations
may also prevent larval fly development .Arecluction
in the bacterial abundance at liv developmental sites
may even reduce egg laying at the site by adult flies
(Ro micro et al.. 2006).
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Sodium bisulfate is a dry, granular acid that is cat-
egorized by the EPA as a mineral acid (EPA, 1993),
and has been used as a pH reducer for many years in
agricultural, industrial, and food production. Because
of its pH-reducing ability, SBS application creates an
inhospitable environment for many species of bacteria.
Reduction in bacterial counts from SBS application to
bedding or manure in horse, poultry, and dairy facili-
ties has had many effective and documented benefits,

nincluding on-farm pathogen reduction, decreased emis-
sions, odor control, and improved animal health and
production (Terzich et al., 1998a,h; Pope and Cherry,
2000). However, the larvae-reducing effect of SBS ap-
plied to calf bedding has never been evaluated. The
present study examined the effectiveness of calf bedding
icidification using SBS for reducing immature house fly
survival.

MATERIALS AND METHODS

Insect Colonies

House flies were obtained from a laboratory colony
iiiintained at the University of California, Riverside.

They have been maintained there with larvae fed a
standard medium (Mandeville et al., 1988) since their
original collection from a dairy iii Mira Loma, Califor-
nia, in 1982. Adult flies were held in mesh net cages
containing approximately 3,000 mixed-sex flies. After 5
d of adult development at 27°C and 60% relative humid-
ity, an egg collection cup containing tissue paper soaked
with evaporated milk was inserted into 6 separate adult
fly cages. After 24 h, the egg collection cups were re-
moved and house fly eggs were separated from the tis-
sue paper by rinsing in deionized water over a United
States standard number 100 sieve pan (Thermo Fisher
Scientific, Waltham, MA). House fly eggs from all egg
cups were washed into a sterile 250-niL beaker, where
they were gently mixed in 50 niL of deionized water.
After mixing, 1 mL of live fly eggs (approximately 3,000
eggs) was removed front the bottom of the beaker using
a disposable pipette and placed into separate 1.5-niL
microcentrifuge tubes. Microcentrifuge tubes contain-
jug eggs in deionized water were immediately placed
on wet ice (to prevent hatching) and shipped overnight
to the Animal Science Department at the University
of California, Davis, where all experimental procedures
were conducted.

Testing Arenas

Testing arenas were plastic or glass dish pans (0.28
mu x 0.17 in x 0.1 m rearing pans) containing 400 g
of rice hull bedding and 600 g of manure and urine
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slurry collected from calf housing at the University of
California, Davis dairy facility for a total volume of 1
L of bedding material. The bedding and slurry mix-
ture (BED) was homogenized thoroughly in each pail
with a hand-held mixer (Power-Pro 250-Watt. model
MX250, Black & Decker Corporation, Tousson, MD).
Approximately 3,000 house fly eggs were added to the
surface of the rearing media in each pan, and pans were
covered with mesh screen to prevent access by other
manure-breeding flies.

Treatment Procedures

Iii experinent. 1, 4 replicate rearing pails were treated
with SBS (Parlor Pal, Jones- lianulton Co.. Walbridge.
OH) at concentrations of 0. 8.9. 17.7, and 26.5 g of
SBS/0.05 m 2 of BED (CON. LOW. MED. and
HIGH, respectively). These application rates were
used in accordance with our earlier studies (Sun et al..
2008) and are equivalent to 0, 1, 2, or 3 lbs ço. 0.45.

0.91, and 1.36 kg, respectively) of SBS/5.4 in of calf
hntch surface area, respectively. The SBS treatment
was applied immediately after the addition of house fly
eggs to each of 4 replicate rearing pans (16 pans total)
using a completely randomized design. The SBS was
dispersed evenly across the BED surface within each
sample pan. Rearing pans were held in the laboratory
at a mean ammibient temperature of 22°C. and the same
SBS concentrations were reapplied to each pan 3 times/
wk for 23 d.

Experiment 2 was conducted to examine the effect of
a single treatment of SBS on the bacteria present in the
treated rearing pans as well as on the late-stage or more
mature fly larvae present iii the BED. perhaps because
of the direct effect of acidification. For tins experiment.
rearing pails containing 1 L of BED amid! 3,000 house
fly eggs were treated with 0 g of SBS (CON). 8.9 g of
SBS/0.05 m2 of BED with reapplication of the acidifier
3 tines/wk (SB3X), or 8.9 g of SBS/0.05 

in  of BED
applied only once at 48 It before the end of the 8-d
trial (SB48). The 8.9 g of SBS application rate was
chosen based omi the results of the initial experiment
above. Following treatment, rearing pans were held in
the laboratory at a mean ambient temperature of 24°C
for 8 ri.

The BED moisture level was kept above 35%
throughout both studies by spraying sterile deionized
water (approximately 5 mL) on the surface of each
pan daily. Temperature loggers (HOBO H8 Pro Series.
2-channels, Onset Computer Corp., Bourne, MA) were
used continuously to monitor ambient room tempera-
ture. The pH in each pan was measured 3 times/wk by
inserting a pH probe (Accumet, model AR15, Fisher
Scientific, Pittsburgh, PA) into the BED at 5 sampling

'F.'
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points wit.luii each pan (located in each quadrant and
the center of the pan). At the end of each experimental
period, the BED in each pan was first spread on a flat
surface and visible house fly larvae and fly pupae were
removed by forceps. All BED was then washed through
a fine mesh sieve (0.2 m x 0.2 in) under a slow and
gentle stream of water to wash away manure solids and
expose any remaining larvae. Larvae were counted as
alive or dead (fly pupae were counted as live fly larvae)
and preserved in 70% ethanol.

In experiment 2, the concentration of aerobic bac-
teria in the BED was determined for all rearing pans
at the end of the 8-cl experiment. For each treatment,
0.2-g subsamples of BED from 5 locations within each
paii were combined (1.0 g of sample per pan; 4.0 g of
sample per treatment), placed into a 10-mL falcon tube
by treatment, cooled to 4°C, and anal yzed within 24 ii.
Aerobic bacteria were quantified following serial dilu-
tion of each sample into PBS. with each diluent vortex
agitated for 2 min before the next dilution. For each
dilution, 100 1iL of the diluent was plated onto brain
heart infusion agar plates (Difco, Detroit, MI) and
incubated at 37°C for 2 d under normal atmospheric
conditions. Bacterial colonies were counted for dilutions
resulting in 30 to 300 colonies per plate, and the num-
ber of bacteria in the original sample was calculated
by multiplying the number of colonies observed on the
plate by the reciprocal of the dilution factor.

Statistical Analysis

The number of live larvae in each pan at the end of
each experiment was ranked using PROC RANK and
analyzed using PROC MIXED in SAS (SAS Institute,
1999), with differences between mean treatment values
examined using least squares means. Adjusted means
and standard errors were obtained from the PROC
MEANS (treating replication as random) output on the
original data. For all analyses, a P-value of 0.05 was
used to determine significance.

Acidity levels (pH) were averaged by day and treat-
ment, with values placed in rank order for analysis
by a repeated measures model using PROC MIXED
procedures in SAS to examine differences by day and
treatment. The least squares means from these analyses
were used to determine differences across treatments.
Adjusted means and standard errors were obtained us-
ing PROC MEANS on the ranks.

Bacterial concentrations were analyzed using ANO-
VA, with treatment and clay as main effects. The least
squares means of averaged bacterial plate counts from
PROC GL --\,l in SAS were used to determine differences
across treatments. Adjusted means and standard er-
rors were obtained using the PROC MEANS output for

bacteria concentrations. A Mantel-Haenszel test was
conducted to look at statistical trends over time.

RESULTS
Experiment I

Mean pH in rearing pails (Figure 1) was inversely
related to SBS application rate, with pH being highest
in the CON pans and lowest in the HIGH pans (P
< 0.001). The mean pH over all 23 ci was 8.57, 1.38,
1.05, and 0.82 for CON. LOW. MED, and HIGH pans,
respectively. The pH also decreased significantly over
time with repeated applications of SBS (P = 0.002).
The mean number of surviving house fl y larvae was
greater in untreated CON pans relative to all other
SBS treatments (P < 0.001 Figure 2). The LOW SBS
treatment resulted in greater larval survival than the
more concentrated (MED and HIGH) SBS treatments
(P < 0.05), with the latter 2 treatments being similar
to each other. Overall, the nurriber of surviving larvae
was reduced by 87, 99. and 100% in the LOW, MED.
and HIGH SBS treatments, respectively, as compared
with the CON treatment. The number of dead house
fly larvae recovered from the BED was similar across
treatments.

Experiment 2

Mean daily pT1 differed across treatments (P < 0.001),
with pH being similar for the CON and SB48 treat-
merits on d 6, when a single SBS application was made
to the SB48 pans, after which the pH for these treat-
ments differed (P < 0.01; Figure 3). The mean pH for
the SB3x treatment differed significantly (P < 0.001)
from the CON and SB48 treatments for all days except
d 6, when it was not different from the SB48 treatment.
The mean number of surviving house fly larvae was
similar in the CON and SB48 treatment pans (P >
0.05), but the number of surviving larvae was reduced
by 90% in SB3x pans (P < 0.01) compared with CON
pan,,; (Figure 4). The number of dead house fly larvae
recovered from the BED was similar across treatments,
indicating no significant mortality of late-stage larvae
following the application of SBS to the 5B48 treatment
on d 6. Bacterial plate counts differed significantl y by
treatment (P < 0.01; Table 1) arid time (P < 0.001),
with the SB3 x mean bacterial plate count significantly
reduced relative to the CON and SB48 bacterial plate
counts (P < 0.01), which did not differ from each other
(P> 0.05).

DISCUSSION

The application of SBS to calf bedding material was
shown to reduce pH. bacterial concentration, and larval

Journal of Dairy Science Vol. 93 No. 3, 2010
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Figure 1. Least squares nicaiis of pH for calf bedding media (BED) treated 3 times/wk with varying levels of acidifviiig sodiun bisulfate
(SBS: n = 4: P < 0.001). Treatment concentrations were 0, 8.9. 17.7 1 and 26.5 g of SBS/0.05 in' of BED surface area (CON, LOW. MED. and

HIGH. respectively).

house fly survival. However, larvae survival was not
affected by a short-term reduction in pH, indicating
that simple acidification was not responsible for the
reduction in house fly survival. It appears that BED
acidification following the application of SBS directly
affects bacterial survival and growth, which indirectly
affects the survival of larvae in the treated BED be-
cause of the loss of their necessary bacterial food source
(Schrnidtmann and Martin, 1992; Lysyk et al., 1999).

Previously reported cattle and calf slurry pH levels
range from 7.3 to 8.3 (Weil and Bernard, 1977: Lef-
court and Meisinger, 2001: Sun et al., 2008), which is
similar to the pH of 8 to 9 observed in the CON pans

CON	 LOW	 MF'D	 HIUI-1

SBS Treatment

Figure 2. Least squares means (±SE) of surviving house fl y larvae
in calf bedding material (BED) treated 3 times/wk with varying levels
of acidifying sodium bisulfate (SBS: n = 4). Treatment concentrations
were 1). 8.9. 17. 7, and 26.5 g of SBS/0.05 m of BED surface area
(CON. LOW, MED. and HIGH, respectively). Means with different
letters differ significantly (P < (1.1101).
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in this study. The reduction in pH for SBS-treated
pans in this study, 76 to 90% reduction relative to the
CON parts, was also similar to pH reductions achieved
in other studies using SBS for substrate acidification
(Pope and Cherry, 2000; Line, 2002; Sun et al., 2008).
Substrate acidification with SBS has also been associ-
ated with decreased emissions from manure and litter,
both of which are common in livestock facilities. Sun et
al. (2008) reported decreases in ammonia and alcohol
(niethanol and ethanol) emissions following SBS ap-
plication to dairy slurry, whereas Ullman et al. (2004)
reported decreased ammonia emissions following SBS

Day

Figure 3. Least squares means (±SE) of pH for calf bedding media
(BED) treated with varying levels of acidifying sodium hisulfate (SBS:
n = 4): CON = 0 g of SBS: S133  = 8.9 g of SBS/1).05 m 2 of BED sur-
face area with reapplication 3 times/wk: SB48 = 8.9 g of SBS/0.115 mmii
of BED surface area during last 48 Ii of the trial. Means with different
letters differ, significantly (P < 0.001). Asterisk indicates that 8.0 g of
SBS/0.05 iim of BED surface area was applied to SB48 Pails.
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Figure 4. Least squares i,,eaiis (±SE) of surviving house fl y larvae
il l calf bedding material (BED) treated with varying  levels of acidify-
il,5 sodium bisulfate (SBS: ml = 4): CON = 0 g of SBS: SB3x = 8.9'g
of SBS/0.05 012 of BED surface area with reapplication 3 times/wk;
SB48 = 8.9 g of SBS/0.05 tic of BED surface area durin g last 48 Ii of
the trial. Means, 	different letters differ significaiitiv (P < 0.1)01).
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Table 1. Least squa es means aitd standard errors of aerobic I (acteria
plate counts (cfu/g) by socliim bisulfate (SBS) treatment applied to
calf bedding

SBS (oat Ill mit	 Aerobic hoc t crial plate count (cfu/g	 S EM

CON	 I0.6E+09'	 3.60E+09
SB3<	 3.1E+095	 2.I0E+09
SB48	 11.IE±09	 •1.50E-k09

Means within a (0101011 IN-ith different superscript letters differ (P
< 001).
'CON = 0  of SBS: 503 = 8.9 g of SBS/0.05 in" bedding mate-
rial (RED) surface area with reapplication 3x/wk: SB4S = 8.9 g of
SBS/0.05 n1 2 of BED surface area (luring last 48 11 of the trial.
2Mean bacterial plate counts for pans containing calf BED and 3.000
house fl y eggs (n = 4).

application to poultry litter. Acidification of manure or
animal bedding may also help to reduce the transmis-
sion of animal pathogens, as was noted by the reduc-
tion of Campyiobacter infection in broiler flocks follow-
ing SBS treatment of their poultry litter (Line. 2002).
Similarly, a reduction of pathogenic bacteria (E. co/i
and Salmonella) in commercial broiler farms following
SBS application (Pope and Cherry. 2000) may prevent
these pathogens from entering the processing plant on
live broilers.

Previously, it was demonstrated that adult fly popu-
lations could be reduced by the application of SBS to
equine bedding in horse facilities (Sweene y et al., 2000).
However, the inechauisin of this reduction in adult, fly
numbers was unclear. From the results of the present
study. it can he extrapolated that SBS application to
equine bedding would have resulted in a reduction in
bacterial concentrations and therefore a reduction in
the survival of inmitiature flies requiring these bacteria
as a food source.

In this laboratory study, acidification of calf BED
with SBS resulted in reduced production of house flies.
It remains to be shown whether acidification of calf

BED using SBS under natural field conditions would
provide a similar reduction in the number of immature
house flies. Under natural conditions, continued def-
ecation, feed spillage, and general disturbance of time
bedding by calves in treated pens might reduce the
level of house fly control achieved in these laboratory
studies. Although a reduction in immature house fly
survival in calf BED (a common fly production source
iii facilities with calves) would be expected to reduce
adult fly populations at the facility, this would need to
be confirmed by a large-scale field trial.

Future research also iieecls to include studies 01_i the
effects of the SBS acidifier on calf well-being (i.e.. skin
lesions, respiratory tract, gastrointestinal tract, and so
oil) and the ability of SF3S to work elThctively iii other
locations of a dairy commonl y associated with larvae
(manure storage. drylot corrals, freestall barns, and so
on). Studies also need to include the financial feasibil-
ity of SBS. The application rates used in the present
experiments translate into field application rates of 1,
2. and 3 lbs (0, 0.45. 0.91. and 1.36 kg. respectively) of
SBS/5.4 of calf hutch surface area. At $25/50 lbs
(22.7 kg) of SBS. the cost to apply SBS at llb (0.45 kg)
of SBS/5.4 tnt 2 of hutch surface area (for calves housed in
hutches for 60 (1) would be approximately $12/calf. Fi-
nally. it would he of great benefit to determine whether
the same results can be achieved for stable fly larvae.
Stable flies are considered to be another major pest
impeding cattle welfare (Campbell et al.. 1977: Berry
et al., 1983: Schwinghamnmer et al., 1986). Both househouse
and stable flies (McPheron and Broce, 1996) prefer and
survive under high pH conditions, and acidification of
calf bedding might be an equally effective mitigation
tool for both species.

CONCLUSIONS

Ilic application of S1 3S to calf bedding material in-
directly reduced house fly larval survival by directly
affecting bacterial survival and growth. Acidification as
a mode of fly management can be beneficial to iiiany
areas of a dairy facility, especially for areas housing
newborn calves. By reducing larval density and bac-
terial populations, calf housing areas cart potentially
serve as less attractive sites to adult flies for laying
eggs (oviposition). Reducing the pest load on newborn
calves through acidification of bedding may he one
solution that would lessen the severity of management
stresses and transmriission of pathogens.
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